Simulations were implemented using a discretized time format, with normally distributed noises included where noted in the main text. To mimic experimental conditions, we seeded populations with 500 cells that were randomly selected from the final populations of separate, discretized generation based simulations. These seeding generation based simulations were each run for 9 generations. We simulated growth and proliferation of these seeded populations for roughly 6 volume doubling times. To ensure convergence of the discretized generation seeding populations we compared statistics from the final population for simulations in which cell volume was allowed to decrease with analytic calculations of the V b vs. V d slopes. These calculations were not included in this text due to their deviation from the simulations presented herein, that enforced monotonically increasing cell volume. Once appropriate simulation lengths were established, these were then applied to the simulations in which cell volume monotonically increased to generate the results presented in the main text. The total number of cells used to generate final statistics per individual simulation was approximately 3.5 × 10 4 . Unless otherwise stated, simulations were repeated a minimum of 50 times per condition to generate the reported statistics.
METHODS

Simulations
Simulations were implemented using a discretized time format, with normally distributed noises included where noted in the main text. To mimic experimental conditions, we seeded populations with 500 cells that were randomly selected from the final populations of separate, discretized generation based simulations. These seeding generation based simulations were each run for 9 generations. We simulated growth and proliferation of these seeded populations for roughly 6 volume doubling times. To ensure convergence of the discretized generation seeding populations we compared statistics from the final population for simulations in which cell volume was allowed to decrease with analytic calculations of the V b vs. V d slopes. These calculations were not included in this text due to their deviation from the simulations presented herein, that enforced monotonically increasing cell volume. Once appropriate simulation lengths were established, these were then applied to the simulations in which cell volume monotonically increased to generate the results presented in the main text. The total number of cells used to generate final statistics per individual simulation was approximately 3.5 × 10 4 . Unless otherwise stated, simulations were repeated a minimum of 50 times per condition to generate the reported statistics.
In all simulations of a noisy asymmetry growth model for budding cells, we assumed a constant volume growth rate, with σ λ → 0. In simulations of either noisy asymmetry or noisy timing growth models for budding cells, the volume growth rate for each cell was fixed over that cell's entire cell cycle. All stochastic variables simulated throughout the text were assumed to be independent and identically distributed for each cell cycle, with the exception of the initiator accumulation model in bacteria, in which the two daughter cells from a given division event had the same stochastically generated noise ξ i in initiation of DNA replication. In all simulations we set the concentrations c 1 = c 2 = 1, since as mentioned in the main text these parameters are simply involved in setting the scale for the cell size distributions. Unless explicitly stated otherwise, all budding simulation results presented herein imposed the condition that cell volume monotonically increased.
DERIVATIONS
Here we derive the relation I X b = ∆ that was used in the main text to derive equation 8:
Here the third line holds since for any given generation of cells there is a one to one mapping in the population between mothers and daughters. Further, the sum of inhibitor abundance at birth for any given mother-daughter pair is simply the inhibitor at birth for the cell in the previous generation plus the inhibitor produced during that previous cell cycle. Assuming stationarity of the stochastic process, with I
, we obtain the desired result.
We now derive the result that for r = 1, V D i = 2 A c /c 2 , assuming no noise in r for simplicity. This result is used in Section 3.3.2 of the main text.
Here the second line comes from applying equations 2 and 3 in the main text. The third line comes from assuming stationarity of the stochastic process. The 5th line comes from applying equation 3 from the main text, combined with the observation that A D b = r 2 V X i /(1 + r). Taking r = 1 gives the desired result.
SUPPLEMENTARY TABLES AND FIGURES
Figures
As mentioned in the main text, there are a variety of different choices to be made when modeling an inhibitor dilution process in budding yeast. In the main text we assumed noisy integrator for inhibitor synthesis, with noisy asymmetry in cell growth post Start. However, we could have instead adopted a noisy synthesis rate model for synthesis and a noisy timing model for cell growth. Of the model variants tested, the model presented in the main text with uncorrelated noise in r and inhibitor production∆ was most effective in maintaining robust adder slopes of approximately 1 for the biologically relevant range of parameter values. Figure S1 compares the changes in the predicted V b vs. V d slopes with variation in model parameters for a selection of different models. This is done by displaying the maximum and minimum changes in the predicted V b vs. V d slope when a single specified model parameter (called y here for generality) is varied over the biologically relevant parameter range for that variable [y min , y max ]. Note that y min and y max values for all model parameters are listed below. Here a change in slope for a given parameter set (i.e. for a single point in parameter space with y = y ) is calculated relative to the slope predicted for that same parameter set, subject to the substitution y = y min . We defined maximal and minimal changes in slope as the largest positive and negative changes in the predicted V b vs V d slope over the range y min ≤ y ≤ y max . We note that these maximal and minimal changes were always calculated varying only y, with all other variables fixed. A box and whisker plot for each model variable y is generated from the distribution of these maximum and minimum relative changes, where each datapoint used to generate the plot comes from performing the above max-min calculation for a different position in parameter space. Together these positions comprise a uniformly spaced array of points spanning the biologically relevant parameter space for each model, so that the distribution of these min and max values for the complete dataset provides a rough insight of the degree of sensitivity of the V b vs. V d slope to variation in the parameter being probed. This provides a means of contrasting three distinct inhibitor dilution models. To generate the data for this figure, noise strengths were sampled from the following intervals, consistent with data in Figure S2 :
Budded growth parameters were sampled from x ∈ (0.5, 0.7) and t ∈ (0.585, 0.765) to give the same sampled range of asymmetry ratios r for all models in the noiseless limit. Each interval was discretized by 6 points per parameter. Slopes inferred for each given parameter set were averaged from 3 repeats.
From Figure S1 (A) we see that a noisy synthesis rate model with a noisy timing growth model is robust to noise in passage through Start σ s / ∆ and is insensitive to noise in synthesis rate σ K / K , but displays substantial increases in the observed slope for non-zero noises in budded phase duration (σ t /t db and growth rate σ λ / λ ). We also observe further increases in slope with increasing lengths of the budded phase. From (B) we observe that a noisy integrator synthesis model with a noisy timing growth model is robust to noise in passage through Start and is insensitive to noise in inhibitor synthesis, but displays significant increases in observed slope for increasing budded phase duration, noise in budded phase duration, and noise in growth rate. Finally from (C) we observe that a noisy integrator model with a noisy asymmetry growth model is robust to noise in passage through Start and insensitive to noise in inhibitor synthesis σ ∆ / ∆ . We also observe variation with x and σ x / x . Of these variants, model (C) shows a weaker dependence on variation in cell division asymmetry x than (A) and (B) do for their equivalents: t /t db , σ t /t db and σ λ / λ . This difference may be studied in greater depth by comparing plots of the variation in V b vs. V d slope for the different models discussed here, and leads us to favor model (C) as the most consistent with adder behavior in budding yeast. Figure S1 . An inhibitor dilution model with uncorrelated noise in x and∆ is the most robust of the model variants considered in asymmetrically dividing budding cells. Box and whisker plots display the sensitivity to variation in model parameters for selected inhibitor dilution models in asymmetrically dividing, budding cells. All plots are for daughter cells only. Dots represent outliers. (A) A noisy synthesis rate model with noisy timing for growth. (B) A noisy integrator model for inhibitor synthesis, with noisy timing growth. Both (A) and (B) are sensitive to noise in growth rate σ λ / λ , budded time σ t /t db and to variation in the average budded length t /t db . (C) A noisy integrator model for inhibitor synthesis, with noisy asymmetry for growth. This displays some dependence on the cell division asymmetry x and σ x / x . All models were insensitive to noise in inhibitor production σ ∆ / ∆ (or σ K / K for model (A)) and were robust to noise in passage through Start σ s / ∆ . Figure S3 . The inhibitor dilution model yields robust adder behavior for asymmetrically dividing, budding mother cells. Heat maps of linear regression slopes from fitting V b vs. V d for mother cells from populations simulated using an inhibitor dilution model. Inhibitor synthesis is modeled using the noisy integrator model, and we assume noisy asymmetry for growth in the budded portion of the cell cycle, as outlined in the main text. Variation is with respect to σ ∆ / ∆ and σ x / x . σ s / ∆ and x are as labeled. Black outlines provide a guide to the eye for regions in which adder-like behavior is observed (slope = 1.0 ± 0.1). 
